Introduction
Nigeria is the second largest contributor to the global maternal death toll. Alone, it accounts for 14% of global maternal deaths, with an estimated 36,698 maternal deaths in 2013. This burden is disproportionate, as Nigeria represents only 2% of the global population. 1, 2 Although some improvements in the abysmal maternal mortality situation in the country have been recorded over the past 20 years, current estimates released by the Nigerian Demographic and Health Survey (NDHS) indicate that this decline is stagnating with no significant differences between the 2008 and 2013 maternal mortality ratio (MMR) estimates. 3 One key intervention to improve maternal health outcomes is to ensure that all women have access to skilled care during labor and delivery. [4] [5] [6] [7] 
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austin et al than 40% of Nigerian women gave birth with a skilled attendant in 2013, and there has been no real change in that proportion over time. 3 These data suggest that over 60% of Nigerian women are at excess risk of maternal death, as they do not have access to or utilize available life-saving services. Within this population, there are women who deliver with unskilled companions who could, in the case of an emergency, potentially act as a conduit to the health system where needed services might be available, while they also provide emotional support and comfort to laboring mothers. But there is also a considerable proportion of women giving birth alone with no one present (NOP) who are even more vulnerable as they neither have access to skilled attendance nor do they have the marginal protection and social support supplied by an unskilled birth companion. Fapohunda and Orobaton found that almost 20% of all women in Nigeria had given birth with NOP in 2008, and the most recent data available show that although there has been a marked improvement in this situation, with a 30% decline over time, the proportion of women giving birth with NOP is still unacceptably high, 14% nationally in 2013. 3, 8 According to the most recent NDHS data available, Nigeria is a clear outlier in terms of the proportion and absolute numbers of births with NOP. Only one country, Niger, had a higher percentage of women who gave birth with NOP (2012 estimates of 15.1%). 9 While the percentage of women who give birth with NOP in Niger may be slightly higher, the sheer number of women giving birth with NOP in Nigeria is much larger due to its population base. Based on Nigeria's projected population in 2013 and assuming a 5% pregnancy rate, there would have been over 1 million women who delivered with NOP in 2013. 10 This paper analyzes trends in women delivering with NOP and explores factors at the individual, household, and systems levels that may be contributing to this phenomenon in Nigeria. Figure 1 presents a conceptual framework of the individual, household, and systems-level factors that may ultimately inform women's choice, ability, and decision to seek and access to skilled, unskilled, or no attendance at birth. At the systems level, the availability, accessibility, and quality of care are all products of the health system's investment in the infrastructure, human resources, and financing. These investments determine whether or not quality services are available, affordable, accessible, and acceptable to women seeking skilled birth attendance. These systems-level inputs are mediated through a variety of household and individual level factors that ultimately shape whether or not a woman is able to choose and access skilled care. As the geographic distribution of services in Nigeria varies by urban and rural residence and between states, the household's location may directly impact the availability of care. 11 Additionally, if the health system is unable to provide affordable care, even when care is available, a household's disposable income will determine whether skilled care is accessible to women. In other words, women may live 
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Trends in delivery with no one present in nigeria between 2003 and 2013 in a context that provides physical access to quality care and reside in a household with the resources to afford care, but factors at the individual level may ultimately determine whether or not she is able to, or chooses to, access this care. Religion has been shown to be a key determinant of health seeking behavior in Nigeria, as has polygamy, women's empowerment, maternal age, education, and parity. [12] [13] [14] [15] [16] [17] It should be noted that although the progression from system to individual factors is depicted as a linear progression in this flowchart, interactions between and within each of these levels are multiple.
Understanding these aspects better, how they have changed over time, and teasing out the relative influence they have on the practice of women giving birth with NOP is critical both for policies and programs. Doing so will allow the identification of potential interventions to mitigate the risks associated with giving birth with NOP and encourage the implementation of measures to increase the number of women accessing skilled care. These changes may, ultimately, lead to a reduction in the number of Nigerian women who die or are injured while giving birth.
Methods
For these analyses, we pooled the 2003, 2008, and 2013 Nigerian Demographic and Health Survey Data. Analyses were restricted to married women, who had given birth at least once in the 5 years preceding the survey, resulting in a total sample size of 38,546 women. We compared women, over the 3 most recent survey years, whose most recent birth occurred with NOP vs women who had "anyone" present during their most recent birth, regardless of their skill level.
The analyses incorporated explanatory variables, derived from literature, on maternal health care-seeking behavior in Nigeria and is conceptualized in Figure 1 . At the systems level, we assessed the availability of care utilizing a variable that assessed the self-reported difficulty women had in accessing care, as well as their contact with maternity services. The indicators are distance to services and the number of antenatal care visits women received during their most recent pregnancy. The proxy indicator for quality of maternal care is the utilization of iron supplements during the most recent pregnancy. Household wealth, urban/rural residence, and region of residence were used to assess household level inputs into care-seeking behavior. At the individual level, we explored the role of age, education, employment status, and parity as predictors of giving birth with NOP. Five additional variables were incorporated to assess women's status and decision making power: polygamy, a woman's employment status, her involvement in making decisions about her own health, her attitudes toward the acceptability of intimate partner violence, and the ease of obtaining husband's permission for facility-based care. Table 1 presents an overview of how these variables were defined and operationalized in these analyses. As shown, the Unadjusted and adjusted logistic regression procedures were used to assess the association between each of the predictor variables and the outcome of interest. The analy ses were conducted using SAS v. 9.2 survey procedures. All analyses were adjusted for survey design and sampling errors. Sample weights were applied to correct for unequal sampling within groups. 18 This study was granted exempt status by the Harvard School of Health Institutional Review Board. Table 2 presents the weighted distribution of each of the indicator variables used in this analysis. As shown, almost half of the women were 25-34 years of age, with about one-fourth of the sample in the 15-24 and 35-49 age group, respectively. Fifty-three percent of the women had four or more births, and these estimates appeared to change very little overtime. The vast majority of the women were from rural settings (67%); the northern regions, and from poorer households. With respect to the latter, roughly two-thirds of the population was located in the bottom three wealth quintiles; 36% were not working, 33% had cowives, and 57% were Muslims. Almost half of the women (46%) said they would tolerate intimate physical partner violence, and about two-thirds reported no involvement in decisions regarding their own health. More than half of the women received iron supplements during their most recent pregnancy, and roughly one in ten had four or more ANC visits. Twelve percent of women in 2013 stated that getting permission to seek health care for themselves was a big problem, and almost a third noted that distance was a big problem when trying to access health care ( Table 2) .
Results

study population
These estimates change very little across the years studied. The exceptions were age and regional compositions, which appeared to indicate that the sample population was older and more Northwestern in 2013 compared to the earlier surveys. Unfortunately, the data suggest that there was a significant increase in the number of women who found distance to be a barrier to accessing care. The data also show positive improvements in some parameters of women's status, ie, there were declines in the number of women who found intimate partner violence acceptable and increases in the number of women who were involved in decisions involving their own health care. The use of logistic regression allowed us to partition these compositional differences so that we are able to truly observe changes in the population behavior during the intersurvey periods. (Table 3) . Table 4 presents the bivariate estimates of the odds of NOP delivery between 2003, 2008, and 2013. Women were 30% and 54% more likely to deliver with NOP in 2003 and 2008, respectively, compared with 2013. Overall, women residing in the North, and particularly, the North West disproportionately bore the burden of delivery with NOP. Older, rural women with higher parity were significantly more likely to give birth alone, relative to younger, urban women, with fewer children. There was a clear wealth and education gradient apparent in the unadjusted analysis, with poorer, less educated women being significantly more likely to deliver with NOP, when compared to women in the wealthiest quintile, who also had higher educational levels. Muslims were four times as likely to give birth alone, unadjusted OR =4.36; (3.73-5.09), when compared to women from other faiths. Employed women were significantly less likely to give birth alone, relative to unemployed women, unadjusted OR =0.70; (0.64-0.78), as were women who were involved in making decisions about their own health, unadjusted OR =0.28; (0.25-0.32). Women, who were cowives, OR =2.13; (1.96-2.31), and who justified intimate partner violence OR =1.40; (1.26-1.57) were significantly more likely to give birth alone, relative to women in monogamous marriages who believed there was no justification for intimate partner violence. Women who had not accessed any antenatal care were six times more likely to have given birth alone, relative to those who had five or more visits, OR =6.73; (5.83, 7.76), and women who had taken iron supplements during pregnancy were significantly less likely to have given birth alone OR =0.27; (0.24, 0.31). Women who stated that getting permission to seek health care was a big problem were significantly more likely to give birth alone, OR =1.80; (1.59, 2.04), as were those who noted that distance to the facility was a big problem when seeking care, OR =1.47; (1.30, 1.66). As all of the independent variables were predictive of a woman giving birth with NOP in the unadjusted analyses, all of them were included in the final model. As shown in Table 5 , significant declines were observed in the odds of women giving birth with NOP between 2003 and 2013. The independent effects of women's age, parity, religion, cowife status, wealth quintile, education, and region were statistically significant. Of these factors, region has the singular most important effect, with women from the North West roughly seven times more likely to deliver with NOP compared to women from the South, adjusted OR =6.78; (5.23, 8.80) . Even in the most liberal Northern zones (eg, North Central) women were more than twice as likely to deliver with NOP as compared with the South, adjusted OR =2.29; (1.77, 2.96). The second most important factor after region is wealth status. Women in the lowest wealth quintile were three times more likely to deliver with NOP when compared with their wealthier counterparts in the topmost quintile, adjusted OR =3.10; (2.25, 4.25), and any small improvements in economic security of the participants translated into significant gains in births with someone present. This analysis clearly shows that increased access to the health system reduces the probability of a woman giving birth alone; each additional antenatal care visit increased the odds of delivery with some attendance by 12%, adjusted OR =0.88; (0.85, 0.91). At the individual level, adjusted results show that education and involvement in decision making about their own health resulted in fewer women delivering with NOP. Conversely, women's age, parity, religion, and cowife status increased women's exposure to the odds of delivering with NOP. One key observation from Table 5 is the strong effect of time, after controlling for other covariates. In other words, the declines in delivery with NOP overtime were bigger than what is accounted by compositional changes in the population. The adjusted model fit well (C=0.82). 19 Given that distance to a health facility is not a significant predictor in the adjusted model, we further explored the association between giving birth alone and facility based birth. Of the 6,162 women who gave birth alone in this sample, 99.3% (6,117) gave birth outside of a facility, indicating that the phenomena of women giving birth alone overwhelmingly occur outside of the health system. We assumed that the sheer absence of a health facility with delivery services would be associated with increased levels of deliveries with NOP. The data revealed that in 2013, the percentage of women who delivered in any facility was 11.5% in the North West, 19.6% in the North East, and roughly 46% in North Central states. These proportions were largely unchanged between 2003 and 2013, and they are inversely related to NOP. These differences point to the fact that women residing in states where distance to facilities is a barrier are more likely to give birth with NOP. For example, the North West, with the lowest utilization of facility based care, had the highest prevalence of NOP. This could be indicative of fewer facilities in this region or of women bypassing available services because they are not acceptable, or could be indicative of the dearth of available services in this region (Table 6 ). Over time, there appears to be marginal increase in access to public facilities and small declines in the utilization of private facilities throughout Nigeria (Table 6 ). Although inconclusive, barring cultural factors that limit facility-based care, it is highly plausible that lower access to facilities in some regions may directly feed into the higher levels of deliveries with NOP in these states.
Unadjusted results
Discussion
This study confirmed the findings reported earlier by Faphohunda and Orobaton, clearly showing that women residing in the Northern regions of Nigeria are significantly more likely to give birth with NOP, relative to women residing in the Southern states. 8, 13 Interventions must target women and families in these states and increase their access to skilled delivery.
The role of private facilities should be explored in the context of public failures to provide adequate and acceptable access to health facilities. If governments are unable to make public investments to keep pace with the growth of facilities in the public health sector, then the use of incentives to promote the establishment of private facilities, a form of public-private partnerships, could be important in increasing access.
Another factor that needs to be addressed is the access to, utilization of, and quality of antenatal care services. Although we used the percentage of women who used iron supplements as a proxy, this did not show a significant effect in the adjusted model, probably because many women acquire iron through private vendors and not through the health system or antenatal care. Nonetheless, we do see that areas where there has been the least increase in iron supplementation also have the highest prevalence of women giving birth with NOP ( Table 7) .
As mentioned earlier, several States in the northern region of Nigeria, including the Federal Capital Territory, Kogi, Kwara, Niger, Sokoto, Taraba, and Yobe States, recorded sharp decline in delivery with NOP levels over the periods studied (Table 2) . Although the determinants of this decline require systematic documentation, illustrative data from Sokoto State indicate that diffusion of ideas supportive of small family size and maternal health care could have played 13 possible interventions to mitigate the effects of poverty could include the use of conditional cash transfers to increase women's ability to overcome finance-related barriers in the use of formal health services. Additionally, the authors also clearly articulate other factors that need to be addressed to improve women's economic security, including access to higher education and employment. 13 Urban residence was not a significant predictor of women's odds to give birth alone. This counterintuitive finding may be 
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Trends in delivery with no one present in nigeria between 2003 and 2013 explained by the increasing urban inequalities within Nigeria. As Matthews et al 20 articulated, Nigeria is a country with large urban inequalities, (a substantial population which is rich and has the advantage of access to maternal and newborn care) and, in parallel, large rural inequalities (in rural areas where rural rich have distinct advantages in access to services). The null finding of urban residence and the clear indication that poverty is a strong predictor of NOP support this finding.
One factor that would reduce the risk of women giving birth with NOP, would be the scale-up of modern long-acting contraceptive methods for family planning. Recent findings have shown that 16% of women in Nigeria have an unmet need for contraception. 21 Ensuring that women, who have articulated a demand for contraception, are able to access affordable and acceptable methods would be a key intervention in improving maternal health outcomes.
There seems to be two factors that influence women's access to skilled care: on the supply side, a health system that does not ensure equitable access to women in all regions of the country and, on the demand side, women's decision/ ability to utilize available services. While these analyses did not control for the distribution of maternal health facilities and/or the distribution of skilled providers in Nigeria, the disproportionate burden of women giving birth with NOP in the North may be the direct result of fewer accessible maternal health resources in those regions compounded by sociocultural and economic issues impacting care seeking behavior. More research is needed to understand the contribution of both supply and demand side issues that impact women's choice and ability to utilize quality maternal health services in different regions of Nigeria.
Study limitations
A key weakness of this paper is the potential underestimation of the prevalence of delivery with NOP in the populations studied. The data from the Nigerian Demographic and Health Survey is collected through self-report from women who survived child birth. Data on women who died during childbirth were not collected. The levels and impact of delivery with NOP may have been much greater than documented in this paper, if we had access to complete data.
Conclusion
Our analyses show that there have been declines in the prevalence of women who have given birth with NOP in Nigeria. Despite this, there is significant room for improvement and clear geographical and socioeconomic vulnerabilities. These analyses have confirmed earlier findings that women in the North of Nigeria disproportionally bear the burden of giving birth with NOP, and that poverty, low educational levels, and a lack of decision-making power exacerbate the risk of a woman giving birth with NOP. 8, 13 Our findings are further affirmation of promising levers that could be exploited to eradicate the practice. As a matter of urgent national policy, women who deliver with NOP should constitute a top priority for all governments in Nigeria, especially in North West and North East Nigeria. Interventions that target older and multiparous women engaging in NOP practices remain very critical for successful eradication of the practice. In addition, interventions such as conditional (or unconditional) cash transfers, or incentive schemes that increase the likelihood that women in the lowest income quintiles will attend a health facility for delivery services remain quite relevant for program success. The use of incentives for public-private partnerships should be considered in the North West of the country. Contact with the health system during pregnancy through antenatal care visits was also found to significantly reduce the odds of women giving birth with NOP. Increasing access to and utilization of quality ANC services, and ensuring all women have full access and choice to modern contraceptive methods are key mechanisms to help reduce the prevalence of women giving birth alone. Finally, we call for more studies, particularly qualitative studies, to assist policy makers design the most sensible and acceptable interventions.
Ensuring that all women in Nigeria have access to and utilize available high quality maternal health services is the only way for the country to ensure that no woman dies of preventable maternal causes or suffers a preventable injury during childbirth. In order to do so, there must not only be system level investments to make high quality services available and affordable, but also interventions to ensure that women (and men) find these services acceptable, and have the agency to utilize them.
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